To ensure just-in-time shipments from a general non-automated retail-cross-docking center, different items must be handled efficiently by different processes despite the many inbound shipments and frequent demand orders from retail stores. In this paper, a systematic and flexible procedure is proposed that efficiently provides critical decision-making support to logistics managers to help them understand and validate the material handling operation at a real retail-cross-docking center. The proposed procedure considers dynamic logistics operation information, such as inbound schedules of suppliers, demand data from retail-chain stores, and individual operator schedules. This detailed data is required for the performance of simulation. In addition, the procedure is applied to an actual non-automated retail-cross-docking center to confirm its effectiveness. Furthermore, the proposed method was found to be both practical and powerful in assisting logistics managers with their continuous decision-making efforts.
INTRODUCTION
In a cross-docking operation, the incoming shipment is unloaded, broken down, and immediately reassembled in outbound shipments to their respective stores (Cooper 1994) . The primary objective of crossdocking is to eliminate storage, excessive handling, and lead time while minimizing transportation and storage costs and maintaining a high level of customer service.
Over the past decade, cross-docking appeared primarily in the retail distribution environment (Kulwiec 1994) . At present, many retail-cross-docking centers are still non-automated because flexibility is needed to handle the increasing variety of inbound items, which depending on how small the quantities are, may require different operation rules. Non-automated retail-cross-docking centers are facing more challenges than ever in today's competitive environment. For example, many suppliers must be managed and coordinated by a single cross-docking center to satisfy customer demands; each item type must be handled by different processes to optimize the operations within a non-automated retail-cross-docking center. Hence, to increase customer service level satisfaction, a cross-docking center must ship frequently, which requires a high volume of items that must be handled quickly. In this environment, the effectiveness and efficiency of operations and execution has a significant impact on the customer service and the profitability of the entire supply chain. This study incorporates a flexible simulation-based approach in a critical decision-making support tool to understand and validate the material handling operation at a typical non-automated retail-cross-docking center from a practical point of view. BRIEF LITERATURE REVIEW Simulations have traditionally been used as a decision-making tool for logistics operations to allow continuous operations. Many studies have used a simulation to model a storage and retrieval system (AS/RS) (Harmonosky and Sadowski 1984 , Medeiros, Enscore, and Smith 1986 , Muller 1989 , Takakuwa 1994 , Takakuwa 1995 , Takakuwa 1996 , Burnett and LeBaron 2001 , Macro and Salmi 2002 , Amato et al. 2005 , Gebennini et al. 2008 , Johnson et al. 2009 ). In particular, Takakuwa et al. (2000) reported that it is much more difficult to build simulation models for a non-automated distribution warehouse. Zhou, Setavoraphan, and Chen (2005) discussed the conceptual simulation modeling of warehousing operations commonly seen at the general merchandise distribution centers. Takakuwa et al. (2000) and Medina et al. (2009) applied simulation models to a complicated non-automated distribution warehouse. All the mentioned papers demonstrated that simulations are a powerful and pragmatic tool for analyzing automated or non-automated warehouse operations. The simulation-based approach has also played a significant role in analyzing performance at cross-docking centers. There are several studies where simulation modeled a cross-docking system (Rohrer 1995 , Magableh and Rossetti 2005 , Liu and Takakuwa 2009 ). The purpose of this paper differs from previous research because a simulation-based approach is used to analyze the material handling operation at a typical non-automated retail-cross-docking center.
This paper discusses a simulation-based approach that provides critical support that helps logistics managers make efficient management decisions. First, the basic description of the operations and goods flows at a cross-docking center is discussed. Then, a systematic and flexible procedure is proposed and validated on a material handling operation at an actual retail-cross-docking center. The procedure uses dynamic logistics operation information, such as inbound schedules of suppliers, demand data of retailchain stores, and individual operator schedules. The procedure is applied to an actual cross-docking center to confirm its effectiveness. The proposed method was found to be both practical and powerful in assisting managers with their planning efforts.
BASIC DESCRIPTION OF THE CROSS-DOCKING CENTER

Operations
A general view of a cross-docking center is shown in Figure 1 . In this study, the cross-docking center of HAMAKYOREX Co. Ld, which handles fresh, chilled foods, such as beverages, soft drinks, and sweet desserts, is investigated. At this cross-docking center, the daily operation activities are critical to managers, where operations are ongoing for 24 hours a day, 7 days a week, and 3 shipping services per day. All of the approximately 300 items must be received, sorted, and shipped to 236 stores across the Tokai region of Japan by a given time. For instance, the first service starts at 12:45 AM, and all operating activities must be finished before 7:45 PM, referred to as the ³limit time for 1st service´, to ensure that all items can be shipped on time. According to the logistics manager, over 110,000 vats (a vat is a standard container of items) of throughput were handled each day of last year. Figure 2 shows the schematic operation flow at the cross-docking center. The different items from multiple suppliers are unloaded, received, and sorted. Sorting is accomplished in two sequential steps called the preparation (prep.) sorting process and the sorting process. In the prep. sorting process, items are sorted according to their distribution zones. Next, the sorting process sorts items according to their store destination within a distribution zone. Afterwards, the completion operation is conducted, and then the merchandise for each chain store is loaded in turn. Several operating rules are firmly established according to the content of products, packing materials, and inbound quantities to ensure smooth operations at the cross-docking center. For instance, if the products are beverages and are too heavy to be transported easily, the prep. sorting process is combined with its checking process. If the packing material is cardboard, then unpacking the cardboard is required in its prep. sorting process. If the inbound quantity is small, then checking and sorting are performed at a special handling station to avoid operation confusion with other products. Hence, the following general products (merchandise mix) can be classified according to their required operating rules: (1) beverage products; (2) returnable-packing products; (3) cardboard-packing products; (4) small-quantity-order products. Besides the general products, fresh products are highly perishable and time sensitive goods and are therefore sorted by the fresh products factory beforehand, arriving at the cross-docking center as final products. At this cross-docking center, there are two operator groups. The prep. sorting group is assigned the checking, prep. sorting, and completion operation while the sorting group is assigned the sorting operation. The cross-docking center has an adopted digital sorting system that improves the performance of the sorting group. However, the manager wanted to improve the performance of the prep. sorting process by introducing better scientific management tools. This paper emphasizes the prep. sorting operation and takes into account the skill levels of the prep. sorting group members. The operator skills of a prep. sorting group are shown in Table 1 . 
Essential Process Flows
In this section, the essential process flow is identified so the material handling at a typical non-automated cross-docking center can be characterized. The checking and preparation sorting operations are the two essential process flows that are typically performed in a retail-based cross-docking system and are shown in Figure 3 . Each process flow contains a sequence of activities performed by two sets of shared operator groups. All operating activities must be completed in a fixed amount of time so items for each store are shipped on time. From Figure 3 , the checking operation begins when one item is unloaded from an inbound truck. An assigned operator will then count the inbound quantity and sign for the inbound documents, called the ³checking operation´. Following this step, the prep. sorting operation is performed, which consist of the following two operating activities: (1) sorting by distribution zone for general merchandise, which includes small-quantity-order products; returnable-packing products; cardboard-packing products and beverage products; and (2) pasting labels for fresh products. In the prep. sorting operation, the completion operation, which includes inbound document filling and clearing, is also implemented. The sorting operation follows the prep. sorting operation and consists of the following two operating activities: (1) sorting by store at distribution zones; and (2) pasting labels of each store for general merchandise.
PROCEDURE AS A DECISION-MAKING SUPPORT TOOL
Proposed Procedure
Computer simulation is a methodology that can be used to describe, analyze, and predict the performance of a complex system without limiting assumptions. The objective of this study is to propose procedures, which uses dynamic logistics operation information, that would act as a decision-making support tool for managers. The procedures would help managers understand and validate the material handling operations. As shown in Figure 4 , the procedures to validate and improve the material handling operation are itemized as follows:
3. Input demand data from retail stores. (Table 4) 7. Perform simulation model 9. Is the result of performance analysis satisfied ?
Yes Yes
N No No
Ye es s End 2. Collect and input the information of the new product attributes. (Table 3) 6. Collect (or modify) operator schedules. (Table 6 and Step 1] If there are new products to be received, go to Step 2. Otherwise go to Step 3. [ Step 2] Collect and input the new product attributes information based on the operation rules, as described in section 3.1. [ Step 3] Input the order data from the customers (typically from retail stores) obtained from the logistics information system (LIS) of the cross-docking center. [ Step 4] If there are new truck inbound schedules or schedules that need to be modified, go to Step 5.
Otherwise go to Step 6. [ Step 5] Collect or modify supplier inbound schedules. [ Step 6] Accept each operator ¶s request for working hours in advance. [ Step 7] Perform a simulation to observe the material handling operations animation. [ Step 8] Obtain simulation results for management decision making. [ Step 9] If the result from the performance analysis is acceptable (improves performance of the material handling operations), terminate the procedure. Otherwise return to
Step 5 and adjust the supplier inbound schedules.
Simulation Logic
A simulation model of material handling for the retail cross-docking center was created using the simulation package, Arena (Kelton, Sadowski, and Sturrock 2007) . To analyze the operating time of the essential process flows, all operations were recorded within the cross-docking center with a video camera for the first service for five days. Based on the video analysis, selection times were analyzed with Arena input analyzer. Selected parts from the simulation logic at Step 7 are shown in Figure 5 . By performing a simulation, the man-hour requirement for each operating activity for each work-hour is outputted. The resulting ending times for each operation are compared to the actual system behavior obtained by video to validate the simulation model. 
Data Collection
Several selected parameters that relate to the essential process flows are shown in Table 2 . At Steps 1 and 2, the new merchandise attributes were collected and inputted, which were analyzed to build the simulation model, as shown in Table 3 . Proceeding to
Step 3, Table 4 shows the order data from customers (namely from retail stores) obtained from the logistics information system (LIS) of the cross-docking center. At Steps 4 and 5, the new truck inbound schedules are confirmed and added. The arrival times of suppliers are shown in Table 5 . To perform a simulation, each operator ¶s request on working hours should be accepted in advance by the logistics manager at
Step 6, as shown in Table 6 . In Table 6 , the two columns that are highlighted as blue are used to set the durations spreadsheet window in Arena at
Step 5. Together with the declared time interval number, as shown in Table 7 , the simulation model can be performed automatically. 
Performance Analysis
By performing the simulation at Step 7, an animation along with dynamic statistics and graphs provides a general view of the system operation. The animation model used in this study was constructed with Arena 3D player, as shown in Figure 1 . The animation of the material handling operation can be validated by comparing with the actual system performance. A Gantt chart of operation status by statistics in Arena is shown in Figure 6 . From the figure, the beginning and ending times for each item from each supplier can be estimated, and the operation risks can be examined, which estimates whether all the operation activities can be finished on time. After the simulation, the 95% confidence intervals for the average percentage of the inbound dock utilization and the scheduled utilization of the prep. sorting operators are outputted, as shown in Figures 7  and 8 , respectively. The confidence intervals provide the critical decision-making support about inbound schedules and operators shifts for the logistics managers. The man-hour requirement for each operation at each work-hour is obtained, as shown in Figure 9 . According to the results, the peak time for checking operation appears during the 2nd work-hour, while the peak time for prep. sorting operation appears between the 2nd and 4th work-hour. This result can be used to examine the balance of operation loads at the cross-docking center. These results show that the simulation based approach can provide a flexible tool for logistics managers to optimize the operations of the material handling operation, especially when under dynamic and complicated circumstances. 
CONCLUSIONS
A simulation model of the material handling operation was constructed and used to improve the performance and reduce loads of operations for a typical non-automated cross-docking center within a retail environment. A systematic and flexible procedure for the consecutive operations of material handling was described as a decision-support tool that provides critical support for logistics managers. The procedure considers the dynamic logistics operation information.
The proposed procedure was applied to an actual cross-docking center. Material handling was modelled by a simulation to analyze the performance of operations. The results showed that the proposed procedure is both practical and powerful in assisting logistics managers with their continuous and efficient decision-making efforts.
In future research, other indicators will be analyzed as a performance measure to improve congestion of both merchandise and operators within the cross-docking center.
